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The SN 1987A Beam/Jet and Its Associated Mystent Sp
John Middleditch & Mario R. Perez, Los Alamos NatabLaboratory
(jon@lanl.gov http://www.c3.lanl.gov/~jon/index.shtml

Very early measurements of SN 1987A (87A) can berjmmeted in
terms of an intense beam of light and jet of pkasi¢BJ), which
still ran ahead of a slower, cooler, shrouding floaoled itself, or
lost the ability to do so, before impacting polpgcéa (PE)
remaining from the previous binary merger whichnfed Sk -69
202 The photon beam scattered off/reprocessed in, witho
significantly penetrating, the PE, producingl®® ergs/s for about
a day at day 8.0, treame delaypredicted from the 0.059 offset

(17 light-days in projection) of the "Mystery SpgdkS), and the
ring/bipolar geometry (the many other details oA&1so strongly
suggest that it resulted from a merger of 2 stekaies of a
common envelope [CE] binary, i.e., a "double-degated [DD]
event) This scattered flux then decayed for a day witimee$cale
consistent with the UV flash, after which the luminosity rabualed
to the day 8.0 value by day 10.0, and continuadgibnearly with
time, indicatingi(1) particles from the jet penetrating into the PE,
with (2) the fastest traveling >0.9 c, a(8) that both the beam and
jet hadcollimation factors>10". Without having to penetrate the
entireCE of Sk -69 202, it is likely that the BJ woulave

produced a full, long/soft,/GRB” upon impacting the RE

Because DD can produé&RBs, and dominates in elliptical
galaxies, wherenly sGRBs have been observed, DD without CE
and PEalso producesGRBs and thus the pre/non-CE/PE photon
spectrum of 99% of GRBs is known, and NS-NS mergerg not
make GRBs as we know them, and/or be as commorea®psly
thought. MSPs in the non-core-collapsed globular clustezsa#so
99% WD-WD DD merger, consistent with their 2.1 msimum
spin period, the 2.14 ms signal seen from SN 19&n4,sGRBs
offset from the centers of elliptical galaxié$iere isno need to

invent exotica, such as “collapsars,” to accoun?(®RBs.



Fig. 1. SN 1987A as of December 2006, as viewed thi¢ HST
(NASA, P. Challis, & R. Kirshner, Harvard-SmithsaniCenter
for Astrophysics). North is up, east is to thé.|€fhe bipolarity
of the explosion is suggestive of (electron) degatieecore-core
merger-induced collapse (“Double Degenerate” — DIDh)e
axis of the bipolarity corresponds to the “Myst&pyot” bearing
of 194 (the far-side [southern] minor axis of the equialaing
has a bearing of 179
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Fig. 2. Measurements of displacement (lower) armskoved
magnitude (upper) of the “Mystery Spot” (MS) fré&N 1987A
atHa and ) Vs time, from Nisenson et al. 1987, ApJ, 32
L15, and Meikle et al. 1987, Nature, 329, 608.
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Fig. 3. From Nisenson et al. 1987, ApJ, 320, 9N,
1987A and theMystery Spact (a — lower left) inHa (the
180 ambiguity is an artifact of the reconstruction
technique), (b — upper left ) (c — lower right450
nm, and (d — upper right) comparison staboradus. This
feature was seen 30, 38, and 50 difies core-collapse,
with an associated total energy of1érgs, of which some
3% was eventually radiated into the optical.
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Fig. 4. The geometry of the “Mystery Spol’ §) relative
to SN 1987Aand the equatorial rindeR -- shown in cross-
section).
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Fig. 5. The geometry of theéVystery Spof’ (MS)
associated beam/jet, and direct line of sight ffixh
1987A It takes an extraight days for light from 87A to
hit the (PE), making theMS in the process,
and proceed on to the Earth. The distance 8@to the
MS is some 22 light-days. An offset by the®.5
collimation angle of a GRB over this distance wodddlay
the flux by about 100 s, the characteristic detyldng
duration, soft spectrum GRB&3RBSs).
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Fig. 6. AfterHamuy & Suntzeff 1990, AJ, 99, 114and

Zthe very early

luminosity history of SN 1987A as observed with @E O

0.41-mand the

FEData taken at

Goddard Space Flight Centey Sonneborn & Kirshner

and the
blue x’s, and

In

) are marked as

, respectively. Various stages of

beam/jet breakout and interaction with polar ejecta
labeled.The flux level near day 20 corresponds to 5.8
magnitudes above the day 7 minimum, shee as that of
the MS in Ho measured nears days 30, 38, and 50. The
decrement here is actually preceded Isgike with strange

colors B, R, & I, but littleU or

-- see Fig. 13).
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Fig. 7. The geometry of the 87A glowibgam/jet(BJ),
initially opaqueshroud andUV Flash(which may have an
enhancedbeamof its own in theget direction (here 52
down and to the right). The center of the emerging
produces the rising luminosity shown at point ‘A’kig. 6
at day 3.3 (read on the upper, delay scale). Tdramum
velocity of thejetis 0.92 c, that of thehroud 0.55 c.
Because of the short time response of the lumipnsbkibwn
In Fig. 6, the full angular width of thet has been set to
1.04.
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Fig. 8. The configuration in which the light froimet center
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dropping luminosity curve at day 6 (point ‘B’ ing=i6).
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Fig.9. The configuration in which the light frometicenter
of the exposed part of the still fadifeg lies near the
minimum of luminosity curve near day 7 (between a8d
‘C’in Fig. 6). some 20.54 light-days distant
and 2.16 light-days thick appearsirecnat the lower
right.
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Fig. 10. The intense beam of tb& Flashscatters and
reprocesses off the aproducing the jump in
luminosity at day 8 (top scale for the tirgd disk in the
and ‘C’ in Fig. 6 — some»10* ergs/s for a day). A polar
ejecta density of 70cmi® would predict that thelV Flash
does not penetrate it deeply, and this is confirimethe
dropoff of luminosity near day 9 in Fig. 6. They reddisk
corresponds to the highly collimated {>-thtense bearof
the UV Flash and can not be much larger all because of the
fast rise/drop in luminosity before/after day &ig. 6, and
thusits collimation factor is >19
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Fig. 11. The intense center (3 bf thejet beginsto

produce light (ed) as it penetrates into tipe

( ), producing the jump in luminosity at day 10 (agai
top scale for theed spotin this figure [11]), visible in Fig.
6 for the same time. The penetration may contbeeause
the cross sections for this process are ordersaghrtude
smaller than for th&JV Flash The 0.059 offset of the
spotcorresponds (loosely) to measurement of tigstery
Spot shown in Figs. 2, 3, 4, and 5. The collimatiaatbr
for thejet is also >16,
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Fig. 12. Particles in thet continue to impact the

(mostly hidden ), continuing the ramp in
luminosity visible in Fig. 6 near day 20 (top schiethe
redstrip in this figure [12]). By this time the rise from the
87A photosphere propdaegins to contribute to the overall
luminosity. Thus thé1S luminosity can amount to no
more than ~%10% ergs/s, or magnitude 5.8 (see Fig. 6),
about 23% of the total optical flux of X10" ergs/s at day
20. A lifetime of &10° s yields theéVIS total optical output
of 3x10*" ergs. A luminosity decrement of unknown origin
appears in Fig. 6 just after this time.
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Supernova 1987A (II-P)
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Fig. 13. The early light curve (luminosity histoigf) SN
1987A from CTIO (Hamuy & Suntzeff 1990, AJ, 99, 514
in the five bandsyJ, B, \/, R, andl, for the first 130 days
following core-collapse, and thlight curve from the
Type la SN 1994aé(ue disks- from Riess et al. 1999,
AJ, 117, 707), offset by -11 mag. The spike negr2D in
B, R, & I light from SN 1987A corresponds to abouf”10
ergs/s (see Fig. 6). Is this running out of
particles(hence the following decrement)? Or can this
light be grazing incidence scattering off the expag
equatorial ball/torus (Fig. 1), of neutron stahtigsoon to
be eclipsed? And if the NS, how much of it will fnélsed?
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Fig. 14. (Lower three frames) The Fourier poweicse
plotted for frequency regions near 467.4805 Hzitnfirst
two higher harmonics from data taken with the Uilv.
Tasmania Canopus 1-m Telescope during mid UT Jaly 2
1993. (Top frame) The sum spectrum of frequencézs n
the fundamental and 2nd harmonic. The peak indhe s
spectrum near 1402.4417/3 = 467.48056 Hz is sgamti
above the five sigma level (probability ~1:6,50@00The
second highest peak corresponds to the 1,000 slatimofu
seen in many other observations. The first 3 tedtdm
Tasmania confirmed the reality of the 2.14 ms @ptic
pulsar in SN 1987A (get used to it, the probaletitin
Middleditch et al. 2000, New Astronomy, 5, 243, réreff
8 orders of magnitude).
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Fig. 15. About 700 pulsars scattered in the P-Ptote,
some in globular clustersi( ), most notied+'s).
Injectionof a population of 2 ms pulsars occurs near the
87A point (nagentanourglas) most of these radio quiet
(as with the Cas A X-ray point source). From themest
move a little right and down quickly due to gratinaal
radiation, where some are recycled, by accretiom fr
merger-leftover companions, to periods shorter thars
(gigaGaussG(G] recycle), moving to the left (& possibly
also downward). TeragausBQ) pulsars are recycled from
the main group down and to the left, but genenadlyyvery
far (in frequency) because of their high magne&ids.
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Fig. 16. After Horvath et al. 2006, A&A, 447, 2Bget
GRBs from the BATSE catalog (Meegan, et al. 2001,
http://gammaray/msfc,nasa.gov/batse/grb/catglog/
are scattered in durationgpJ-hardness (k$) space. The
new third regionred) may be characteristic of merger-
induced core-collapse withined supergiants, (the early
polarization ofSN 1993Jwvastwice that ofSN 1987A.
Only short, hards)GRBs(bluetriangleg are found in
elliptical galaxies, yet WD-WD (core-core) mergbi)),

as in SN 1987A, makes, or tries to make long, Sof:

( ), and must dominate all other mechanisms (as
always through binary-binary collisions), such & NS
merger,in those ellipticals, even when requiring enough
mass to produce core-collapse. Thus most of@fRBsin
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ellipticals are due to DD, but without having tespa
through common envelope and/or polar ejecta, thense

by which they otherwise become , Or intermediately
long, softestGRBs (red diskg. Optical afterglows from
sGRBs with no associated SN explosion, indicate core-
collapse with total merged mass very near 1.4 M

The Top Ten Reasons Why Ia
SNe Aren’'t Single Degenerate

1. Hydrogen

3. High Velocity Features

4. Polarization « 1/Luminosity
5. Sill ” " « 1/Luminosity
7. NGC 1316 — 4 Ia's/26 Years
8. >1.2 M, °6Ni (2003fg)

1{J. Need Gore—Collapse for An

Fig. 17. The top ten reasons why Type la SNe dan't
single degenerate (gradual accretion of a whiterpast
the Chandrasekhar mass limit of 1.4 M
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Fig. 18. The geometry for Type la SNe, as viewetadsD
the merger equator. The thermonuclear ball (TNB)pse
luminosity is dominated by the decay’8Xli, is shown in
blue, while the polar blowout features (PBFs), eacln\ait
half angle of 4% are sketched as cones witizensurfaces
andredendson the left. Systematics can occur because
there is less material to be ejected in la PBFs thahose
of Type Il SNe such as 1987A, and as a consequérda
PBFs are ejected with a higher velocity, possibiyosing
the PBF footprint on the TNB, shown for co-incliiait
(co-i) 30 in redblue on the right (ppeflower), during the
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interval whemAm,s is measured (inset in uppermost right --
the curves are for an intrinséan,s of 0.5 mag). If TNBs
start out as toroids, as seems likely, the diffeedmetween
theredandblue curves could easily be twice as large,
particularly for low co-i’'s, accounting for the fdffect in

la cosmology. Also, as drawn at upper left, laswed
pole-on are Ic's, given sufficient matter in thedayer.
Otherwise, it would just beg the question of wizes |
viewed from the polewould look like.
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Fig. 19. The maximum drop in magnitude from expesafr
the PBF footprint(s) to an observer are plotted asction
of co-inclination for PBF half angles of 255assuming
no contribution to the change in luminosity frone tABFs
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themselves. The curves with disks representitbeges in
the drops in magnitude between the co-i’s labetdéder
right hand ends, and the drops at6-i, and the points are
plotted on the abscissa at co-i's correspondirtheo PBF
half angles. The dashed lines represent the efesded to
spuriously produc&, = 0.7.

Conclusions

SN 1987A was caused by a merger of two
stellar cores, and is the Rosetta Stone for 999
gamma-ray bursts (GRBs), millisecond pulsar
(MSPs), & SNe, including all in the modern er:
except SN 1986J & the more distant 2006gy.
The collimation factors for its beam and jet,
which produced the “Mystery Spot,” both likely
exceed 10 The pre-CE/PE impact initial
photon spectrum of all GRBs, except those frc
SGRs, is known (and that one’s known
anyway), and NS-NS star mergers may not
make GRBs as we know them, or be as comn
as previously though&hort, hard GRBs
(sGRBs) from elliptical galaxies are
overwhelmingly due to (mostly binary-binary)
collision-induced WD-WD merger in their
globular clusters (GCs)This is the way 99% of
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the MSPs in non core-collapsed GCs are
formed, all at rotation periods near 2 ms, as
happened in SN 1987A, why most sGRBs are
offset from the centers of their host elliptical
galaxies, and why some show optical afterglo
but no SNe.These will have only weak
magnetic fields, and some will end up accretir
from a binary companion left over from the
collision (there aréwo suspects which can do
this for binary-binary collisions) to spin period:
shorter than 2 ms.The moderately fast pulsars
In the GCs are due to spinup of neutron stars
with TeraGauss magnetic fields (a validation c
Ghosh and Lamb, 1979ApJ...234..296G,
without needing field decay ahy time). Like

SN 1987A, Type la SNe are due to mergers o
stellar cores, and when observed from their
merger poles will be classified as Ic’s, If
sufficient matter exists in the layer above core
collapse to hide the thermonuclear ashes of F
S, and SiThere is no need to invent collapsars
hypernovae, supranovae, or super-
Chandrasekhar mass white dwarihe hitherto
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unrealized complicated nature of Type la SNe
may have caused the local sample of la’s to
have been selected as too bright, due to
characteristics which are not as obvious in the
distant sample, thus producing an apparent
anomalous dimming of the cosmological
sample. Thus there may be no Dark Energy.
There may also be no Dark Matter (Nelson &
Petrillo 2007, BAAS, 39, 1, 184 Rejecting the
hypothesis of super-Chandrasekhar mass whi
dwarfs, the >1.2 M of **Ni produced in SN
2003fg means that the burn/detonation proces
In layers of mixed thermonuclear fuel above
core-collapse can be very efficient (see
iImmediately below regardingN 20069y,
spectroscopic “demands,” of large amounts of
unburned TN fuel, being invalid because of th
wrong assumed paradigm (single degenerate’
for la’s. The paltry amounts 0fNi produced in
Type Ib’s and >90% of Type lIs is the result of
dilution of their TN fuel, such as Si, Ne, O, anc
C, with He and possibly H due to the merger
process prior to core-collapse. SN 2006gy
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produced 20 M of >*Ni, not because it was a
pair instability SN, but because it was an iron
photo-dissociation catastrophe SN of a massi
star which underwent core-collapse undernea
25-30 M, of TN fuel, undiluted by He and H
(see immediately above regardidg03fg).

Thus a hot center for SN 2006gy will eventual
be found, as was found in SN 198&)lit
emission lines can be sporadically observed it
Type Ic SNe (and even some classified as la’s
because of the double degenerate geometry,
these ar@ot obviously confirmatory evidence
for collapsars.This research was performed
under the auspices of The Department of Ene
and supported by the Los Alamos National
Laboratory LDRD-DR research grant
2008085DR.




